To examine a possible association of parental chronic pain with chronic pain in the adolescent and young adult and to explore whether a relationship could be explained by socioeconomic and psychosocial factors or may be affected by differences in family structure.
C
HRONIC NONSPECIFIC PAIN among children and adolescents is common, [1] [2] [3] [4] and the prevalence may be increasing. 5 Youth with chronic pain experience disabilities in several areas of daily life, 1, 3, 6, 7 and pain causes many difficulties in children and their families. 8, 9 Although studies have shown associations between pain and adverse psychosocial variables [10] [11] [12] [13] and several lifestyle factors, 11, [14] [15] [16] [17] [18] the causes of chronic nonspecific pain in adolescence are poorly understood.
Studies [19] [20] [21] [22] [23] [24] examining the relationship between parental and child pain show conflicting results. Nevertheless, many possible explanations may elucidate a potential association between pain in the parent and pain in the child. The relationship may have a genetic component, be a result of learned pain behavior, or be due to shared environmental factors promoting pain in children and parents. Studies 25, 26 have identified several genes that may contribute to pain sensitivity and the development of chronic pain. Social learning through observation of parents is important in a child's pain perception and behavior, including the tendency to ignore or
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overemphasize symptoms, the interpretation of symptoms, and a choice of coping strategies, 27 factors that may influence pain vulnerability. Moreover, parental responses to child pain behaviors may be important in the development and maintenance of pain. 28 Environmental factors shared within the family, including socioeconomic variables, such as education and income, and psychosocial variables, such as divorce, anxiety, and depression, have been shown to be related to pain in children and adults, [29] [30] [31] [32] [33] and marital breakdowns and new family constellations may influence pain reports. Few investigations have examined the various associations of chronic pain in mothers, fathers, or both with pain in the adolescent, including psychosocial factors. Furthermore, it is unclear whether different family structures comprising children living primarily with their mothers or fathers affect a potential association, an important aspect concerning the hypotheses of parental role models and shared environment vs genetic causes of pain.
The primary objective of this study was to examine a possible association of chronic pain in mothers, fathers, or both and chronic nonspecific pain in adolescents and young adults in a large, unselected population. Second, we aimed to explore whether this potential relationship could be explained by socioeconomic and psychosocial factors and whether differences in family structure could have an influence on the association.
METHODS

STUDY POPULATION AND PROCEDURE
The study was conducted from October 2006 to June 2008, in Nord-Trøndelag County, Norway, as part of a large crosssectional health survey (HUNT 3 Study 34 ). All inhabitants of the county who were 13 years or older were invited to participate in the study. The HUNT Study 3 has previously been described in detail. Briefly, the adolescents and young adults completed a comprehensive questionnaire during a school period and subsequently underwent a clinical examination. In total, 8200 of 10 485 invitees (78.2%) participated in the investigation. Among 7913 participants in the target age group (age range, 13-18 years), 7373 adolescents and young adults (93.2%) completed the pain questions. In the adult part of the survey, all inhabitants 20 years or older received an initial postal questionnaire and an invitation to participate in a subsequent clinical examination. Those participating in the examination received a second questionnaire to be returned by mail. In total, 50 811 of 93 864 adults invited participated in questionnaire 1, and 41 206 participated in questionnaire 2. Information from Statistics Norway enabled us to link the questionnaires from the offspring with their parents' questionnaires through the use of personal identification numbers, specific for all Norwegian inhabitants.
The study was approved by the regional committee for medical research ethics and the Norwegian data inspectorate board. Written consent was obtained from the adolescents and young adults and from their parents.
MEASURES Outcome
In the questionnaire, the adolescents and young adults were asked if they had experienced any pain, unrelated to any known disease or injury, during the past 3 months. 3 Furthermore, they were asked to specify the location of the pain as headache/ migraine, abdominal pain and/or pain from neck/shoulders, chest, upper back, lower back/buttocks, and/or upper and/or lower extremities. They were also asked to indicate the frequency of pain in each location as never or seldom, once a month, once a week, several days a week, or almost daily. As in earlier studies, 3, 13, 35 chronic nonspecific pain was defined as pain in at least 1 location, unrelated to any known disease or injury, experienced at least once a week during the past 3 months. Chronic multisite pain was defined as chronic nonspecific pain in at least 3 locations.
Exposure
In questionnaire 1, adults were asked, "Do you have physical pain now that has lasted more than 6 months?" and "How strong has your physical pain been during the last 4 weeks?" The last question had 6 response alternatives (no pain, very mild, mild, moderate, strong, or very strong). This verbal rating subscale is included in the 36-Item Short Form Health Survey, 36 and the bodily pain subscale has been recommended as an efficient, reliable, and valid assessment of global pain severity. 37 Distinguishing those experiencing moderate, strong, or very strong pain has been shown to be useful in recognizing persons with chronic, noncancer pain of a complex nature in population investigations. 38 Hence, parental chronic pain was defined as pain lasting for more than 6 months and being of moderate, severe, or very severe intensity during the past month. 39 Information on family structure was made available from Statistics Norway. Data were categorized into 3 groups (both parents, mother alone or with new partner, or father alone or with new partner).
COVARIATES
Socioeconomic status was assessed using data on both parents' education and income made available from Statistics Norway. The highest attained level of education for both parents in 2007 was used. Educational data were reclassified into the following 5 levels: primary school (7-10 years of education), secondary school (11-12 years), high school (13-14 years), less than 5 years of higher education, and 5 or more years of higher education. Pensionable income in 2007 was divided into fifths.
Adolescent and young adult anxiety and depression symptoms were measured using the Symptom Checklist 5, a 5-item version of the Symptom Checklist 25, for which reliability has been shown. 40 A mean score above 2.0 was set as the cutoff for anxiety and depression symptoms. 40 Adult anxiety and depression were measured using the Hospital Anxiety and Depression Scale, 41 which was included in questionnaire 2. The Hospital Anxiety and Depression Scale is a well-established instrument that includes a 7-item anxiety subscale (Hospital Anxiety and Depression Scale A) and a 7-item depression subscale (Hospital Anxiety and Depression Scale D). A cutoff score of 8 on both subscales has been shown to perform well in screening for anxiety and depression disorders in the general population.
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DATA ANALYSIS
We used binary logistic regression to estimate odds ratios (ORs) and 95% CIs for the association of parental chronic pain with chronic nonspecific pain or chronic multisite pain in the adolescent or young adult. Potential confounding factors were identified by a priori knowledge. 43 In multivariable models, we adjusted for parental education and income and for offspring sex and age. Analyses were stratified according to differences in fam-ily structure. In subsequent models, we adjusted for parental anxiety and depression symptoms and for offspring anxiety and depression symptoms. In further analyses, we stratified for offspring sex and for 2 age groups (13-15 years and 16-18 years). All statistical analyses were performed using commercially available software (SPSS 19; IBM).
RESULTS
The final study population consisted of 5370 adolescents or young adults for whom one or both parents participated in the adult survey. The participants did not differ from the whole group of 7373 adolescents and young adults in sex or age distribution, prevalence of chronic pain, or symptoms of anxiety and depression. However, compared with the whole group of 7373 offspring, the included adolescents and young adults had fewer parents in the lowest education level (12.9% vs 15.5% for mothers and 15.4% vs 17.6% fathers) and in the lowest income group (16.6% vs 19.2%); a larger proportion was living with both parents (70.4% vs 65.3%).
Characteristics of the study participants are given in Table 1 . More female offspring than male offspring reported chronic nonspecific pain and chronic multisite pain, and more mothers than fathers reported chronic pain. The prevalence of chronic pain among offspring decreased with increasing education level of mothers. Among both mothers and fathers, report of chronic pain decreased with higher education. Although the prevalence of parental chronic pain decreased with increasing income, only small and inconsistent changes were observed in the prevalence of chronic pain among offspring with higher income (data not shown). The prevalence of adolescent and young adult pain was lower among those living with both parents. For adolescents and young adults reporting symptoms of anxiety and depression, the prevalence of pain was higher among parents and among offspring ( Table 2) . Mothers and fathers with anxiety or depression had higher prevalences of pain.
Chronic pain both in mothers and fathers was associated with chronic nonspecific pain and with chronic multisite pain in offspring ( Table 3 ). The odds of chronic nonspecific pain and chronic multisite pain in offspring increased when both parents reported pain. The associations remained generally unchanged when adjusting for sex, age, and socioeconomic status and when examining the same relationships in adolescents and young adults living with both parents. Among adolescents and a Chronic nonspecific pain in adolescents and young adults was defined as pain in at least 1 location, unrelated to any known disease or injury, experienced at least once a week during the past 3 months.
b Chronic multisite pain in adolescents and young adults was defined as chronic pain in at least 3 locations. c Parental chronic pain was defined as pain lasting for more than 6 months and being of moderate, severe, or very severe intensity during the past month.
young adults living primarily with their mother alone or mother with a new partner, maternal chronic pain was associated with increased odds of chronic nonspecific pain and chronic multisite pain in offspring, but no clear association was found with paternal pain. Among adolescents and young adults living primarily with their father alone or with a new partner, maternal chronic pain and paternal chronic pain were associated with pain in offspring. However, compared with maternal chronic pain, paternal chronic pain was associated with higher odds of chronic multisite pain in offspring. We performed separate analyses among adolescents and young adults living with their mother alone, with their mother and a new partner, with their father alone, or with their father and a new partner (data not shown). Overall, the relationships were consistent with the other results. However, associations between maternal chronic pain and chronic multisite pain in offspring were stronger among adolescents and young adults living with their mother and a new partner (OR, 2.5; 95% CI, 1.4-4.4) vs living with their mother alone (1.6; 1.0-2.7).
Inclusion of adolescent and young adult anxiety and depression symptoms in the model did not change the associations between maternal chronic pain or paternal chronic pain and chronic pain in offspring; however, associations between both parents' reporting chronic pain and chronic nonspecific pain and chronic multisite pain in their offspring were attenuated ( Table 4) . Adjusting for parental anxiety and depression did not considerably alter the results ( Table 5) .
Stratifying the analyses according to sex and age gave only minor differences in the results (data not shown). Chronic pain in male offspring and in the oldest age group was more strongly associated with maternal chronic pain (OR, 1.4; 95% CI, 1.1-1.7; and 1.4; 1.1-1.7; respectively) than with paternal chronic pain (1.2; 0.9-1.5; and 1.1; 0.9-1.4; respectively).
COMMENT
This study showed that both maternal chronic pain and paternal chronic pain are associated with chronic nonspecific pain and especially with chronic multisite pain in adolescents and young adults. Moreover, we found a substantial increase in pain among offspring for whom both parents reported chronic pain. Adjusting for socioeconomic and psychosocial factors did not markedly change the results; however, differences in family structure had a major influence. Among adolescents and young a Chronic nonspecific pain in adolescents and young adults was defined as pain in at least 1 location, unrelated to any known disease or injury, experienced at least once a week during the past 3 months.
adults living primarily with their mothers, chronic pain was mainly associated with maternal chronic pain, while among adolescents and young adults living primarily with their fathers, chronic multisite pain tended to be more strongly related to paternal chronic pain. Whereas parental chronic pain was closely related to socioeconomic status, chronic pain in offspring showed consistent relationships only with maternal education level.
The strengths of the study include the large, unselected adolescent and young adult population. The high participation rate and the fact that offspring with participating parents did not differ considerably from the whole adolescent and young adult population confirm the representativeness of the study population. Also, the prevalences of parental chronic pain, anxiety, and depression agree with the findings of earlier studies 39, 44 among adult populations. Information from offspring Abbreviation: OR, odds ratio. a Parental chronic pain was defined as pain lasting for more than 6 months and being of moderate, severe, or very severe intensity during the past month. b Chronic nonspecific pain in adolescents and young adults was defined as pain in at least 1 location, unrelated to any known disease or injury, experienced at least once a week during the past 3 months.
c Chronic multisite pain in adolescents and young adults was defined as chronic pain in at least 3 locations. d Adjusted for socioeconomic status (parental education and income) and for offspring sex and age.
and from parents was collected, avoiding information bias of parental report on chronic pain in their offspring. 45 Moreover, the study groups independently participated in the study and did not influence each other when completing the questionnaires. It is well established that pain measurement should be based on self-report. 46 The general health focus of the questionnaire helped avoid a narrow concentration on pain and enabled us to adjust for potential confounding from anxiety and depression in parents and offspring. Possible confounding from socioeconomic factors was reduced by objective measures of parental education and income.
The limitations of the study include the crosssectional design, rendering causal inference difficult to make. Although the participation rate was high among adolescents and young adults, a possibility exists for more pain among offspring who did not participate. Also, pain prevalence might have been higher among nonparticipating parents. Although this could result in a potential selection bias, there is no reason to expect that the associations between parental chronic pain and offspring Abbreviation: OR, odds ratio. a Chronic nonspecific pain in adolescents and young adults was defined as pain in at least 1 location, unrelated to any known disease or injury, experienced at least once a week during the past 3 months.
b Chronic multisite pain in adolescents and young adults was defined as chronic pain in at least 3 locations. c Also adjusted for socioeconomic status (parental education and income) and for offspring sex and age. d Parental chronic pain was defined as pain lasting for more than 6 months and being of moderate, severe, or very severe intensity during the past month. Abbreviation: OR, odds ratio. a Chronic nonspecific pain in adolescents and young adults was defined as pain in at least 1 location, unrelated to any known disease or injury, experienced at least once a week during the past 3 months.
b Chronic multisite pain in adolescents and young adults was defined as chronic pain in at least 3 locations. c Also adjusted for socioeconomic status (parental education and income) and for offspring sex and age. d Parental chronic pain was defined as pain lasting for more than 6 months and being of moderate, severe, or very severe intensity during the past month. chronic pain should be systematically different among those not included in the study. The questionnaires were based on self-report, and the recall periods for pain reports were 3 months for the adolescents and young adults and 6 months for the parents, revealing an opportunity for recall bias. However, it has been shown that adolescents are able to accurately recall and report their pain experiences during a 3-month period. 47 Although many adolescents and young adults were living primarily with one of their parents, they could still be influenced by the other parent. Furthermore, we had no information about pain in potential new partners. Finally, although we adjusted for a range of potential confounding factors, unmeasured confounders may have been present.
Investigations on the relationship between parental pain and adolescent pain have shown conflicting results. While some studies [22] [23] [24] 48, 49 found an association, other studies [19] [20] [21] 50, 51 did not. Several interpretations may explain this discrepancy. Pain definitions have varied from the existence of low back pain ever, 20, 51 to any pain lasting 1 day or longer during the past month 19 or past 6 months, 22 to continuous or recurrent pain for at least 3 months. 21 We decided to study the association between parental chronic pain and offspring chronic pain using strict definitions for chronic pain. The intention was to avoid the consideration of pain due to normal life events. We did not focus on specific pain because children tend to report pain from more than 1 location, 2, 11, 52 as shown earlier in this population. 3 The age of the children and adolescents has varied across investigations and may lead to different conclusions; for instance, a Swiss study 53 found a relationship between parental treatment for low back pain and children's (age range, 8-16 years) history of low back pain, while no relationship was observed in those aged 12 to 17 years when the same survey was conducted 3 years later. 51 It was hypothesized that parental history may be more important among younger children. 51 This was contradicted by our study results because we found a clear association in adolescents and young adults aged 13 to 18 years and no considerable differences between the groups aged 13 to 15 years and 16 to 18 years in relation to parental chronic pain. Reporting has also varied; some studies 45, 53 have used parental report of children's pain, one study 51 used children's report about their parents' pain, and other studies 19, 20 have used pain reports both from the children and from the parents. However, other studies 22, 23, 49 have reported from only one parent, usually the mother. When examining the relationship between parental pain and adolescent pain, it is essential to have self-reports from all involved. 46 Although the results of a 2010 study 49 suggested sex-specific modeling, with girls being sensitive to maternal pain and boys being sensitive to paternal pain, we found no evidence of such relationships; however, chronic pain in boys was slightly more strongly associated with maternal chronic pain than with paternal chronic pain. The lack of paternal pain reports in the mentioned recent study might be one of several explanations for these differences. Furthermore, only some of the studies 19, 21, [49] [50] [51] included socioeconomic status. According to our study, these adjustments may be important because of the close relationship between socioeconomic status and parental pain, as well as the relationship between maternal education level and offspring chronic pain. Adverse psychosocial factors have been shown to be related to chronic pain. 10, 12, 13, 54 Also, our study showed higher prevalences of chronic pain among adolescents and young adults and among parents with anxiety or depression, emphasizing the potential importance of adjusting for these factors because they might influence both parental chronic pain and offspring chronic pain.
Few studies have examined the relationship between both parents' having chronic pain and chronic pain in their offspring. Although we observed substantially higher odds of pain in adolescents and young adults when both parents reported pain, others studies 19, 50 have not found such an association. Different definitions of pain and small sample sizes may explain some of the differences. The stronger association between parental chronic pain and adolescent and young adult chronic multisite pain is in line with a study 22 finding a stronger relationship between multiple pains in mothers and adolescents. Some of the suggested explanations for these results may also to some extent explain our results regarding pain in both parents. 22 First, increased pain in parents may provide more opportunities for learning pain behavior. Second, parents experiencing pain may be more aware of pain in their children. Several studies have focused on parental reinforcement of children's pain. It may be that parental attention increases pain and distraction reduces pain, 55 while overprotectiveness may result in greater impairment and somatic symptoms in the offspring. 56 The relationship between maternal protectiveness and low maternal education agrees with our study results showing an increase in offspring pain associated with lower maternal education. 57 Third, both parents' having chronic pain could be a manifestation of family distress. In a recent review, the authors concluded that families of children with chronic pain have poorer familial functioning than healthy populations. 58 Although we adjusted for socioeconomic factors and for anxiety and depression in adults and offspring, the parents and their adolescents and young adults may share other environmental stressors not controlled for in this study, promoting pain in the parents and in the offspring.
We found no other studies examining the diverse associations between parental chronic pain and offspring chronic pain in various family structures. Although chronic pain in adolescents and young adults living with both parents showed similar associations to chronic pain in mothers and fathers, this was not true for offspring living primarily with one of their parents. The finding of a stronger relationship between chronic pain in one parent and the adolescent or young adult living together may be an important contribution to the understanding of intergenerational transmission of pain that favors family pain models and shared environmental factors.
In summary, parental chronic pain is associated with adolescent and young adult chronic nonspecific pain and especially chronic multisite pain and suggests a strong relationship between chronic pain in the parent and offspring living together, indicating that family pain models and shared environmental factors are important in the origin of chronic pain. These findings illustrate the im-portance of parental and family involvement in the management of adolescent and young adult chronic pain. Future longitudinal studies are needed to establish the causal relationship between parental and offspring chronic pain, as well as more research on clinical family-centered approaches for managing chronic pain problems in adolescents and young adults.
